The neuroendocrine cell population of the lung of Rana temporaria has been studied by means of immunocytochemistry. Serotonin (5HT)-and polypeptide 7B2-immunoreactive neuroepithelial bodies have been observed in the epithelial lining of the lung. 5HT-but not 7B2-immunoreactive isolated endocrine cells have also been observed.
Introduction
The discovery of putative endocrine cells in the lungs of vertebrates is credited to Feyrter (1938) , who identified "clear cells" dispersed in the epithelia of various organs including the lung. Fr6hlich (1949) confirmed these findings and described both single and clustered clear cells spread throughout the epithelium of the airways. The cell clusters have been given a variety of names, suggesting different functional properties or embryological origins. Lauweryns et al. (1972) proposed the term "neuroepithelial bodies" (NEBs) for the clustered cells. Pulmonary "endocrine" cells have been described in Amphibia (Rogers and Haller 1980; GoniakowskaWitalinska 1980 GoniakowskaWitalinska b, 1981 GoniakowskaWitalinska , 1982 Goniakowska-Witalinska and Cutz 1990; Matsumura 1985) by scanning and transmission electron microscopy. The presence offluorogenic amines in pulmonary "endocrine" cells of different species of Amphibia has been shown by the formaldehyde-induced fluorescence technique (Rogers and Haller 1978; Wasano and Yamamoto 1978; Goniakowska-Witalinska 1980a) . Only two studies of endocrine cells of amphibian lung in which immunohistochemical techniques are used have been reported to date (Cutz et al. 1986; Scheuermann et al. 1989 ).
Correspondence to: L.M. Montuenga 7B2 is a protein of 23KDa isolated from human and porcine pituitary gland (Hsi et al. 1982) , where it is localized in secretory granules (Marcinkiewicz et al. 1988 ). Human and porcine cDNA encoding 7B2 has been cloned and sequenced (Martens 1988; Brayton etal. 1988 ). 7B2 has also been detected in the human gastrointestinal tract (Suzuki et al. 1985 (Suzuki et al. , 1988 and pancreas (Suzuki et al. 1987 (Suzuki et al. , 1988 , and in neural and endocrine tissues of Amphibia (Ayoubi et al. 1990 (Ayoubi et al. , 1991 . The function of 7B2 is not known yet, but it could be involved in cellular secretory processes (Ayoubi et al. 1991) .
The aim of the present study was to investigate the occurrence of 7B2 in the endocrine cells and NEBs in the lung of the frog, Rana temporaria, and to determine whether it is colocalized with 5HT or not.
Materials and methods
Six adult specimens of frog (Rana temporaria) were anesthetized with ether and their lungs were fixed in Bouin's fluid for 24 h. The pieces were dehydrated and embedded in paraffin; then 3-prothick sections were cut. An indirect immunocytochemical method using the avidin-biotin (ABC) technique (Hsu et al. 1981 ) was applied to paraffin sections. Endogenous peroxidases were blocked by exposure to 0.3% hydrogen peroxide in methanol for 30 rain, and non-specific reaction was blocked with normal swine serum (1:20, University of Navarra, Pamplona, Spain, code NP-1) for 30 rain at room temperature. Sections were then incubated with the primary antisera directed against either 5HT, (Immunonuclear 43H2TR 1:1000-l:30000) or 7B2, (RPMS, Histochemistry Department ref Nr 2012 1:1000-1:10000). This primary incubation was performed overnight at 4 ~ C in a moist chamber. After thorough rinsing with TRIS-HCI buffer saline (TBS) (0.05 M; pH 7,36; 0.55 M NaC1), secondary antiserum (Biotinylated swine anti-rabbit immunoglobulins, 1:200, Dakopatts, Glostrup, Denmark, code E353) was applied for 30 rain at room temperature.
Sections were washed with TBS, and then avidin-biotin peroxidase complex solution (ABComplex, 1:100, Dakopatts, code K355) was applied for 30 rain. Immunoreacted sections were washed in TRIS-HC1 buffer (0.05 M; pH 7.36; 0.55 NaC1), and the peroxidase reaction was developed in a solution of 3,Ydiaminobenzidine tetrahydrochloride (0.03% w/v TRIS-HCL, Sigma, St Louis, USA, code D-5637) and H202 (0.006%). The sections were lightly counterstained with Harris's hematoxylin. Primary and secondary antibodies, and the ABC complexes were diluted in TBS.
Immunocytochemical controls included: (1) use of normal rabbit serum, diluted 1 : 20, instead of the primary antiserum; (2) positive control with rat intestine for 5HT and rat pancreas for 7B2 which are known to be immunoreactive for this antisera; (3) absorption tests: prior to immunostaining each antiserum was absorbed by incubation overnight at 4 ~ C with 0.1-10 nmol of either 5HT or 7B2 per ml of optimally diluted antiserum. Absorption tests were carried out on reverse-face sections (Osamura et al. 1980) . Reverse-face sections were also used to show evidence of the coexistence of 5HT and 7B2 in the same cells.
Results
As in other anuran species, the lungs of Rana temporaria are simple, sac-like structures. The interior of each lung is divided by septa into "alveolar sacs ". The apical portions of septa, oriented towards the center of the lung lumen, are widened by the presence of smooth muscle bundles and blood vessels that are oriented parallel to the lung wall (Fig. i) . The inner core of the septum wall is made up by connective tissue and also has single or grouped smooth muscle cells. Both sides of this central region of the septa are occupied by a capillary network covered by the respiratory epithelium (Fig. 1) . The apical expansion of the septa is covered by respiratory epithelium interspersed with areas of pseudostratified ciliated epithelium with mucous and 5HT-immunoreactive (5HT-ir) "endocrine" cells (Fig. 2) .
5HT-ir "endocrine" cells occur either individually or in groups, forming NEBs only in the most apical portions of septa (Figs. 2, 3) . Most of the single isolated 5HT-ir "endocrine" cells are present in regions of the epithelium in which goblet cells are numerous. Less than 1% of these single 5HT-ir "endocrine" cells have been found in areas composed mainly of respiratory epithelium. Pyramidal isolated 5HT-ir "endocrine" cells have a slender cytoplasmic projection directed towards the lumen (Fig. 2) . NEBs are made up of 2-20 cylindrical cells arranged in oval groups, generally only one cell layer thick. Capillaries are frequently found in close relation to the NEB. At least one section of a capillary is always found within a distance of 20 gm from the base of the NEB. NEBs are usually covered by a thin layer of flat epithelial cells (Fig. 3) .
Immunocytochemical studies show that 7B2-1ike immunoreactive material is also present in the cytoplasm of the cells that form NEBs (Fig. 1) . No isolated 5HT-ir "endocrine" cells contained any 7B2-1ike immunoreactive material.
Immunostaining for 5HT and 7B2 of serial sections revealed that the cells of all the NEBs contain both antigens. The immunostaining by both antisera was blocked by liquid phase absorption with the antigen to which the sera were raised, but not by preabsorption of the antisera with the antigen to which the other was raised (Fig. 4) .
Discussion
As far as we know, the present study is the first description of the presence of 7B2-1ike immunoreactivity and its colocalization with 5HT in the lungs of non-mammalian vertebrates.
NEBs of Rana temporaria are made up of a single layer of "endocrine" cells resting on the epithelial basement membrane. In the apical portions of septa a similar structure has also been described in the toad Bufo marinus Haller 1978, 1980) . In contrast with the pattern described for some other species (Wasano and Yamamoto 1978; Rogers and Haller 1978; Goniakowska-Witalinska and Cutz 1990) , NEBs in Rana temporaria are covered either by ciliated cells or by flat unciliated cells, as has been described for Bombina variegata (Goniakowska-Witalinska and Cutz 1990) . The localization of the NEBs in the epithelium of the septa but not in the epithelium of the rest of the lung wall conforms to the distribution in other anuran species (Cutz et al. 1986) . The shape of the isolated endocrine cells of Rana temporaria is similar to that of those in the toad (Rogers and Haller 1980; Cutz et al. 1986; Scheuermann et al. 1989) .
Serotonin was the first biologically active secretory product reported in pulmonary endocrine cells (Lauweryns et al. 1973) ; it is known to be present in endocrine cells of the respiratory tract in mammals (Dey et al. 1981; Lauweryns et al. 1982; Keith and Ekman 1990) , including humans (Cutz etal. 1984; Stahlman etal. 1985) . In mammals the 5HT-immunoreactive lung endocrine cells are specially abundant in the late developmental and perinatal stages (Cho et al. 1989) . The hypothesis has been advanced that 5HT plays a role in the growth and differentiation of endocrine cells and/or other pulmonary cells (Cutz et al. 1986 ). The presence of 5HT in endocrine cells of different species of Amphibia has also been previously shown (Rogers and Haller 1978; Wasano and Yamamoto 1978; Goniakowska-Witalinska 1980a; Cutz et al. 1986; Scheuermann et al. 1989 ). Serotonin causes a local constriction of blood vessels in assays carried out with tissues of several species .
Although cells in the NEBs are simultaneously immunoreactive for 5HT and 7B2, the isolated "endocrine" cells contained 5HT-like but not 7B2-1ike immunoreactive material. This differences could support the hypothesis of a different functional role for these two possible subpopulations of cells (McBride et al. 1990 ). 7B2-immunoreactive "endocrine" cells have been found in human foetal lung (Springall et al. 1991 ) and in small cell carcinomas of the lung (Iguchi et al. 1989) . Although the function of 7B2 in the amphibian lung endocrine cells remains unclear, the high degree of conservation (80-83%) of the sequences of 7B2 of mammals and amphibians might indicate a function of general biological importance, such as an involvement in some cellular secretory process (Ayoubi et al. 1991) .
